The recombination energy released in the collision is sufficient to eject all three atoms from the trap for a < 0, and for a > 0 when ǫ U, where U is the trap depth. In the case of the BEC data, this latter condition holds for a 5000 a 0 . Nonetheless, we assume that all three atoms are lost for any recombination event, because even for a larger than 5000 a 0 we observe rapid threebody loss. We ascribe this observation to a high probability for dimers to undergo vibrational relaxation collisions which result in kinetic energies much greater than U. Four-body processes proceed in a similar fashion (6, 15) .
The equation describing the dynamics of three-and four-body loss is
3! L 3 n 2 − g (4) 4! L 4 n 3 ,
where the brackets denote averages over the density distribution (17) . For a thermal gas the spatial correlation coefficients g (3) and g (4) are respectively 3! and 4!, while for a BEC we set both to 1 (20, 21) . We have verified that heating from recombination is small for our short observation times and therefore omit this effect in our analysis (15, 19) . By fitting the time evolution of the number of atoms to the solution of Eq. 1 we extract L 3 and L 4 as a function of a. Figure S1 shows the loss of atoms as a function of time in regimes where either L 3 or L 4 dominates (17) . Four-body loss is readily distinguished from three-body loss by the shape of the loss curve. Figure 1 shows the extracted values of L 3 across the Feshbach resonance, exhibiting the expected a 4 scaling (22, 23) , but with several dips and peaks punctuating this trend. Two prominent peaks dominate the landscape for a < 0, which are labeled a − 1 and a − 2 in Fig. 1A . We attribute these peaks to the crossings of the energies of the first two trimer states with the free atom threshold, thus providing additional pathways into deeply-bound molecular states (23) . For a > 0, the dominant features are dips, indicated in Fig. 1A as a + 1 and a + 2 , corresponding to recombination minima. These minima are associated with the merging of the same two trimer states into the atom-dimer continuum, and have been attributed to destructive interference between two different decay pathways into weakly-bound dimers (22, 23) . We fit the data to L 3 (a) = 3C(a) a 4 /m, where C(a) is a logarithmically periodic function characterizing effects from the Efimov states (17) . The analytic expression for C(a) contains the location of one universal trimer resonance a − < 0 or recombination minimum a + > 0, and an inelasticity parameter η related to the lifetime of the Efimov state (2). The observed features are fit individually to extract these parameters ( Table 1 ). The universal theory describing Efimov physics (2) predicts a logarithmic spacing in the two-body scattering length between trimer states of e π/s 0 ≈ 22.7, where s 0 = 1.00624 is a universal parameter (1). Table 2 shows that the ratios a A local maximum in L 3 , indicated as a * 2 and shown in detail in Fig. 1B , can be discerned between the two recombination minima a + 1 and a + 2 . We associate this feature with an atomdimer resonance, given its location with respect to the nearby minima. A simple model (13) has been proposed to explain the enhanced losses present at the atom-dimer resonance. This model describes an avalanche process whereby a single dimer travelling through a collisionally thick gas shares its kinetic energy with multiple atoms, thereby increasing from 3 the effective number of atoms lost for each dimer formed (24) .
For a < 0, L 3 achieves its maximum value of ∼10 −19 cm 6 /s at a − 2 . This value is reasonably consistent with the expected unitarity limit (19, 25) . At even larger values of |a|, L 3 saturates to a value below the unitarity limit, a behavior previously seen in experiment (8) and in numerical calculations (25, 26) .
The four-body loss coefficient L 4 for a < 0 was also extracted from the data, and the results are presented in Fig. 2 . Three resonant peaks in L 4 are observed, which we associate with the crossings of tetramer states with the free atom continuum (3-7, 13, 15, 27) . Two universal tetramers are predicted to accompany each Efimov trimer (5, 7) . The solid line in Fig. 2 is calculated using only the observed three-body locations and widths in addition to an overall scaling, without any other free parameters (17) . The agreement between this curve and the data lead us to assign the peaks to the second tetramer of the first Efimov trimer a (Fig. 1A) which we tentatively identify with a T 1,1 (7, 13) . The existence of two tetramer states tied to a single trimer state has also been verified in 133 Cs (15) and 39 K (13). Two additional peaks in L 3 are observed on the a > 0 side of the resonance (Figs. 1C  and 1D ). Features at these relative positions have not been previously observed or predicted, although they occur very close to where the two tetramer states associated with the second trimer are expected to merge with the dimer-dimer continuum (28) . We have no explanation of how a dimer-dimer resonance would affect the inelastic loss rate, as we expect the dimer fraction to be small and consequently, the probability of dimer-dimer collisions to be negligible. One possibility is that they arise because of an interference effect, similar to that occurring in the three-body process at a + 1 and a + 2 . Presently, we tentatively associate these features with dimerdimer resonances located at a * 2,1 and a * 2,2 . In Table 2 we present the relative spacings of observed loss features along with those predicted by the universal theory. Universal scaling is expected when |a| ≫ r 0 , where r 0 is the van der Waals radius (33 a 0 for Li) (29) . Another requirement for universality is that |a| ≫ |R e |, where R e is the effective range (14) . Figure S4 shows that R e is relatively small over the relevant field range, and is ∼−10 a 0 on resonance (17) . For comparison, in the |1, 0 state of 7 Li, R e ∼ −30 a 0 at the resonance near 894 G (14) . Both conditions for universality are well-satisfied for the second Efimov state, but the requirement that |a| ≫ r 0 is only marginally satisfied for the first. Nonetheless, we find good agreement with the universal scaling relations between features on each side of the Feshbach resonance separately.
The relationships of features across a Feshbach resonance are also thought to be universally connected (2, 26) . However, when we compare features across the Feshbach resonance, we find a systematic discrepancy with theory of a factor of 2 ( Table 2 ). This discrepancy can be expressed as a difference in the three-body short-range phase between the two sides of the Feshbach resonance ∆Φ = s 0 ln(|a − |/a + ) (22, 26) . The locations of the features reported here result in phase differences of 0.92(10)(0) and 0.86(4)(17) (the uncertainties are defined in Table 1 ) for the first and second trimer, respectively, whereas the universal prediction is 1.61 (3) (2). One of the effects of finite temperature is to both broaden the trimer resonances and to push them towards smaller |a| (8, 25, 26) . This would decrease the values of ∆Φ since we extract L 3 from a thermal cloud at a − and a much colder BEC at a + . Measurements of 39 K also show a discrepancy with theory across the resonance, but with ∆Φ = 1.91 (7) (13). On the other hand, measurements of the first trimer resonance and second trimer recombination minimum in the |1, 0 state of 7 Li result in ∆Φ = 1.7(2) in good agreement with universal theory, assuming the universal scaling of 22.7 between trimer states (14) . These variations in ∆Φ may indicate the need for additional physics to be included in the universal model (26, 30) .
31. In ramping from −200 a 0 to a < −3000 a 0 we observe an increase in the axial size of the thermal cloud which is consistent with a temperature increase of the cloud to about 3 µK.
During the trap loss measurements we observe negligible change in the Gaussian width of the thermal cloud (17 (17, 27) , and the dashed curve is the solid curve divided by a 7 (6) . The uncertainty in L 4 from the fit is a factor of 2, while the sytematic uncertainty is a factor of 3 due to uncertainties in ω r , ω z , N and T . For |a| > 2 × 10 4 a 0 differentiation between three-and four-body losses becomes unreliable due to the very fast decay rates. Data with L 4 < 10 −36 cm 9 /s are consistent with no four-body loss.
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Materials and Methods
A set of non-Helmholtz coils are used to add or subtract additional axial confinement in the hybrid magnetic plus optical dipole trap used in the experiment. The radial trapping frequency ω r is determined from atom loss by parametric excitation, and the axial trapping frequency ω z is determined from collective dipole oscillations.
Determination of Scattering Length
The s-wave scattering length a is controlled via a magnetic Feshbach resonance (S1). We extract a (for a > 0) as a function of magnetic field B from the axial size of a Bose-Einstein condensate (S2). The measured functional form of a vs. (Fig. S2 ). To repeatably achieve very large values of a it is necessary to have both high field stability and accurate knowledge of the location of B ∞ . We determine the shot-to-shot stability and calibration of the magnetic field from radio frequency spectroscopy on the |1, 1 → |2, 2 transition. We have improved the control of the current in the coils that provide the magnetic bias field in our experiment such that a Lorentzian characterizing the shot-to-shot field stability has a full width at half maximum of 115 kHz, corresponding to 42 mG at a bias field of 717 G (Fig. S3C) . With this improved field stability we have increased the precision in the determination of the resonance location to B ∞ = 736.97(7) G. The uncertainty in B ∞ is dominated by systematic uncertainty in the extracted values of a from the measured axial sizes (S2). The fractional uncertainty in the determination of a is given by δa/a = δB/(B − B ∞ ) ≈ 1.5 × 10 −5 a/a 0 , where δB is dominated by the uncertainty in B ∞ .
Since we have only measured a for a > 0, we have no direct knowledge of a < 0. However, a coupled-channels calculation (S3) agrees with the Feshbach resonance fit to within 10% over the range of 10 < a/a 0 < 4 × 10 4 ( Fig. S3 ) which gives us confidence that the Feshbach resonance fit is equally reliable on the a < 0 side of the resonance.
Determination of the Loss Coefficients
Extraction of L 3 and L 4 from the measured atom number loss curves N(t) requires the evaluation of the spatially-averaged moments of the density distribution n 2 and n 3 . By comparing the measured distributions with a Thomas-Fermi inverted parabola in the case of a pure BoseEinstein condensate, we find to a good approximation that the distributions remain in thermal equilibrium throughout the decay process. For a condensate, the axial Thomas-Fermi radius is R = ( . The observed decay fits well to a purely three-body loss process for a condensate, so we neglect L 4 in this case. Since we are not explicitly fitting for L 4 , four-body effects if present may lead to an increase in the extracted loss rate L 3 (S4). The decay is then described by
which has the solution
A thermal gas is well described by a cylindrically-symmetric Gaussian where
p /8, and the peak density is n p = N(ω z /ω r )[mω 2 r /2πk B T ] 3/2 . Heating due to recombination is expected to become important when ǫ U (S5). However, there is no appreciable change observed in the Gaussian width during the decay even though the loss mechanism preferentially targets atoms at higher densities. This may be due to a lack of rethermalization during the decay (S6). We find that both L 3 and L 4 contribute to the loss for the thermal gas. Since we have not found a closed-form solution to Eq. 1, we instead use the following implicit solution to extract L 3 and L 4 :
where we have assumed g (3) = 3! and g (4) = 4! for a non-condensed gas. In Fig. 1 the vertical error bars correspond to the range in L 3 for which the χ 2 of the fit to Eq. S3 increases by one, while simultaneously adjusting L 4 and N 0 to minimize χ 2 . Systematic uncertainties in ω r , ω z , N, and T , which are not included in these error bars, contribute as much as a factor of 2 in the uncertainty of L 3 . The representative horizontal error bars are due to shotto-shot variation in the magnetic field and the determination of a from the Feshbach resonance fit. Background loss limits the sensitivity of the measurement to L 3 > 2(1) × 10 −28 cm 6 /s. The error bars in Fig. 2 are similarly determined.
Comparing with Theory
The universal theory (S7) describing Efimov physics predicts that the three-body loss rate coefficient is described by L 3 (a) = 3C(a) a 4 /m where C(a) is a logarithmically periodic modulation. The following expression describes this modulation:
where the first and second terms for a > 0 account for coupling to weakly-and deeply-bound dimer states, respectively (S7,S8). The value a − denotes the resonance location when the energy of the Efimov trimer is degenerate with the free atom continuum, and the value a + is the location of a recombination minimum (S9). This expression is log-periodic with C(e π/s 0 a) = C(a), where the universal parameter s 0 = 1.00624 is known from theory (S7, S10).
The four-body loss coefficient L 4 is predicted to have a similar form to that of L 3 :
where C 4 is a theoretically undetermined universal constant (S11). Eq. S5 is phenomenologically derived from the theory of Ref. S11 (S12). We find that C 4 = 16(8) × 10 4 in the region 1000 < −a/a 0 < 2500, assuming that η − = 0.13, as for the three-body resonance. In Fig. 2 we plot Magnetic field (G) Fig. S4 . The effective range R e (solid red) and scattering length a (dashed blue) vs. magnetic field, extracted from a coupled-channels calculation through a low energy expansion k cot δ = −1/a + R e k 2 /2, where δ is the scattering phase shift (S1). The dotted vertical line is the location of B ∞ .
